support cost-benefit decision-making may provide new insight into the pathophysiology of psychiatric disorders, including anxiety-related disorders, in addition to informing the potential efficacy and side effects of disrupting pACC function as a therapy for psychiatric disorders 9 .
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The author declares no competing financial interests. of tens of milliseconds, it induces LTP, whereas the reverse order of action potentials induces LTD 9, 12 .
Mechanistic studies of spike timingdependent plasticity at the L4-to-L2/3 synapse have determined that timing-dependent LTP is triggered by Ca 2+ influx through postsynaptic NMDA receptors similarly to LTP in the hippocampus and other synapses 9 . In contrast, timing-dependent LTD (tLTD) is more complex, requiring the activation of postsynaptic metabotropic glutamate receptors (mGluRs), postsynaptic voltage-gated Ca 2+ channels, presynaptic NMDA receptors and, notably, cannabinoid receptors, which are activated by endocannabinoids that are generated in the postsynaptic cell (consequent to coincident activation of postsynaptic mGluRs and voltage-gated Ca 2+ channels) 6, 9, 10, 12 . Given the prominent presence of cannabinoid receptors on presynaptic glutamatergic terminals, combined with tLTD being expressed presynaptically (through reduced vesicle release probability), it has been proposed that coincident activation of presynaptic NMDA and cannabinoid receptors triggers tLTD 9, 10, 12 . However, there is no direct evidence that the cannabinoid receptors that trigger tLTD are actually located on presynaptic terminals, and nothing is known about the source of glutamate that activates presynaptic NMDA receptors.
To directly assess the mechanisms mediating tLTD, Min and Nevian 4 used patchclamp recording and Ca 2+ imaging in slices of rodent barrel cortex, monitoring astrocyte Ca 2+ during the induction of tLTD at L4-to-L2/3 synapses. They found that, contrary to current hypotheses, the tLTD-inducing David J. Rossi is in the Department of Behavioral Neuroscience at Oregon Health & Science University, Portland, Oregon, USA. e-mail: rossid@ohsu.edu astrocytes join the plasticity party
David J Rossi
In the developing cortex, spike timing-dependent long-term depression requires cannabinoid-induced glutamate release from astrocytes. Astrocytes may be integral to the coincidence detection that guides plasticity and map formation.
Normal functionality of the mammalian neocortex is critically dependent on the proper development of the underlying cellular architecture and synaptic connectivity. Thus, characterizing the mechanisms of neocortical development is fundamental to understanding normal neocortical function and neurodevelopmental disorders and is important for guiding regenerative therapies for neurodegenerative diseases. At the most basic level, the development of the neocortex results in functional subdivisions, such as the primary somatosensory and visual cortices, and there is a further topographic organization within such functional subdivisions, whereby neighboring neurons communicate with neighboring sensory or motor locations in the periphery. Early in development, such neocortical topography is initiated by genetic and molecular guidance cues, but fine sculpting of topographic maps is dependent on neural activity and consequent synaptic plasticity 1,2 . In particular, it is thought that differential induction of long-term potentiation (LTP) and long-term depression (LTD) of synaptic strength in neighboring synapses determines the size and shape of functional topographic units, such as ocular dominance columns in the primary visual cortex and whisker barrels in the primary somatosensory cortex 2, 3 . However, the mechanisms that determine whether a given pattern of neural activity will trigger LTP or LTD at individual synapses are not well understood. In this issue, Min and Nevian 4 present an elegant set of experiments that elucidate the central role of astrocyte cannabinoid and glutamate signaling in translating specific patterns of pre-and postsynaptic activity into LTD in the developing primary somatosensory cortex.
Experimental support for the role of LTP and LTD in sculpting neocortical topography is particularly well established at excitatory synapses between layer 4 spiny stellate cells (L4 cells) and layer 2/3 pyramidal cells (L2/3 cells) in the rodent primary somatosensory cortex (barrel cortex). These cells are organized in a topographic representation of the whiskers of the snout, with barrel-shaped clusters of cells responding preferentially to individual whisker stimulation. Although the topographical map maintains a degree of plasticity in adult rodents, there is a critical period of development, during which clipping individual whiskers powerfully alters map topography, with barrels representing lost and spared whiskers shrinking and expanding, respectively 5 . The exact network interactions are not fully understood, but it is thought that, in part, the induction of LTP and LTD at synapses between L4 cells and L2/3 cells shapes the barrels during development, with LTP and LTD functionally adding L2/3 cells to or removing them from the barrel, respectively 1, 3, 5 . Accordingly, much effort has been focused on discovering signaling rules and mechanisms that determine whether LTP and LTD occur at this synapse [6] [7] [8] [9] [10] [11] [12] . These studies have identified spike timing-dependent plasticity as a rule governing whether L4-to-L2/3 transmission undergoes LTP or LTD. Specifically, when a postsynaptic action potential follows a presynaptic action potential in a time window npg volume 15 | number 5 | mAY 2012 nature neuroscience n e w s a n d v i e w s Ca 2+ and activation of presynaptic NMDA receptors, Min and Nevian 4 hypothesized that astrocytic exocytosis may be the source of glutamate that triggers tLTD. In clear support of their hypothesis, blocking either astrocytic vesicle exocytosis or glutamate accumulation in astrocytic vesicles prevented tLTD. Taken together, these data suggest that astrocytes are important components in the induction of tLTD (Fig. 1a) . Contrary to prevailing thinking, these data indicate that, during the induction of tLTD, postsynaptically generated cannabinoids directly activate astrocytic cannabinoid receptors, and the consequent increase in astrocyte Ca 2+ spiking causes vesicular release of glutamate, which triggers the induction of presynaptically expressed tLTD.
It has generally been thought that the importance of the precise order and timing of pre-and postsynaptic spiking for the induction of tLTD reflects postsynaptic spatiotemporal integration of Ca 2+ influx through voltage-gated channels and mGluR-triggered release of Ca 2+ from intracellular stores. The postsynaptic integrator was presumed to be the endo cannabinoid synthetic machinery, with retrograde transport of cannabinoids to the presynaptic terminal signaling the detection of appropriate coincidence between pre-and postsynaptic spiking 9, 12 . However, the requirement for activation of presynaptic NMDA receptors added another potential level of coincidence detection, the nature of which has been unclear owing to the lack of information about the source of glutamate 6, 9 . The discovery by Min and Nevian 4 of astrocytes as the primary vehicle of retrograde signaling from postsynaptic induction to presynaptic expression of tLTD clarifies the nature of pre-and postsynaptic coincidence detection, but it raises several intriguing issues and questions. The discovery that tLTD depends on activation of astrocytic cannabinoid receptors and sequential, consequent activation of presynaptic NMDA receptors indicates that the respective receptors do not contribute to coincidence detection per se. Instead, they represent two stages of a sequential retrograde signal informing the presynaptic neuron that the postsynaptic neuron has detected an appropriate coincidence of pre-and postsynaptic action potentials. However, if coincidence is detected solely by the postsynaptic neuron and astrocytic Ca 2+ -induced glutamate release then triggers tLTD, tLTD would presumably be induced at all synapses contacted by the astrocyte, not just the synapse that detected coincident pre-and postsynaptic activity (Fig. 1) . Such hetero synaptic LTD would obviously lessen cannabinoid receptors were present on astrocytes and that their activation increased astrocyte Ca 2+ spiking, which is necessary for the induction of tLTD. First, they showed that stimulation protocols that induce tLTD (but not those that induce tLTP or that do not cause plasticity) markedly increased the frequency and duration of astrocyte Ca 2+ spikes. They then showed that blocking postsynaptic synthesis of cannabinoids, blocking cannabinoid receptors or loading astrocytes with Ca 2+ chelators prevented the increase in astrocyte Ca 2+ spiking and the induction of tLTD. Crucially, bypassing the production of cannabinoids in the postsynaptic neuron and directly activating astrocyte cannabinoid receptors increased astrocyte Ca 2+ spiking and induced LTD, and such astrocyte-triggered LTD occluded subsequent induction of tLTD. Thus, cannabinoid receptor-induced increases in astrocyte Ca 2+ spiking are both necessary and sufficient to induce LTD at developing L4-to-L2/3 synapses.
How does cannabinoid-induced astrocyte Ca 2+ spiking trigger tLTD? Most synapses are ensheathed by astrocytic processes and, in a variety of preparations, astrocytes can modify synaptic transmission by means of Ca 2+ -dependent exocytosis of glutamate. Given that tLTD requires increases in astrocytic n e w s a n d v i e w s Min and Nevian's findings 4 highlight yet another important action of astrocytes in the tripartite synapse. Identifying their central function in mediating tLTD in developing somatosensory cortex should substantially facilitate efforts to determine the specific roles and mechanisms of tLTD in establishing cortical topographic maps, a fundamental process in neocortical development and function.
is particularly intriguing because the role of presynaptic NMDA receptors in triggering tLTD is lost during development, with adult tLTD requiring only activation of postsynaptic NMDA receptors 11 . If astrocyte activation of presynaptic NMDA receptors does enable broader heterosynaptic tLTD in the developing barrel cortex, then the loss of this mechanism during development may result in more synapse-specific tLTD in adults. Future studies should determine whether heterosynaptic tLTD is more prevalent during development and how such changes affect the functional outcome of tLTD.
In addition to determining the functional effect of the identified presynaptic coincidence requirement, it will be important to determine how coincident activation of presynaptic NMDA receptors and action potential firing are detected and translated into presynaptically expressed tLTD. Ca 2+ influx through NMDA receptor channels is a classic inducer of plasticity, but what is the downstream effector mechanism and what is the function of presynaptic action potentials? Notably, if developing presynaptic NMDA receptors contain the Mg 2+ -insensitive NR3A subunit, then the traditional requirement of membrane depolarization to alleviate the Mg 2+ blockade of Ca 2+ influx through activated NMDA receptor channels may not function 13 .
the precision with which tLTD could sculpt barrel map topography.
To determine whether an activated astrocyte could induce LTD independently of preor postsynaptic activity, Min and Nevian 4 directly activated astrocytic Ca 2+ signaling by applying depolarizing pulses to the astrocyte and monitored the effect on synaptic transmission at neighboring L4-to-L2/3 synapses. Surprisingly, they found that direct stimulation of astrocytes elicits LTD, but only if it is combined with stimulation of presynaptic afferents. Notably, this form of LTD is prevented by blocking NMDA receptors and occludes subsequent induction of tLTD, indicating that direct stimulation engages the same mechanisms as tLTD, but only if combined with presynaptic stimulation. Thus, induction of tLTD is dependent on a second level of coincidence detection at the presynaptic terminal: activation of presynaptic NMDA receptors must coincide with presynaptic action potential firing. This second level of coincidence detection is predicted to prevent LTD from occurring at totally quiescent synapses that are contacted by an activated astrocyte (Fig. 1b) , but leaves open the possibility that heterosynaptic LTD would occur at contacted synapses exhibiting presynaptic action potentials, but without coincident postsynaptic firing (Fig. 1c) . This possibility hypothalamic nuclei. The resultant newly born cells were responsive to metabolic stimuli (for example, fasting) and hormonal signaling (for example, leptin). Furthermore, short-term feeding of a high-fat diet was able to stimulate neuronal proliferation in the median eminence in adult mice. Fate-mapping studies confirmed that these new cells arose from β2-tanycytes. Finally, the authors used a newly developed computed tomography-guided focal irradiation technique to ablate neurogenesis in the median eminence. Irradiation of the ventrobasal hypothalamus led to less weight gain and increased energy expenditure and activity in adult mice that were fed a high-fat diet. These data highlight the putative importance of cell proliferation in the ventrobasal hypothalamus as a component of the central regulation of metabolism. These findings are consistent with previously published reports 
Fat incites tanycytes to neurogenesis

Marcelo O Dietrich & Tamas L Horvath
Tanycytes in the hypothalamic median eminence have now been found to form a metabolically sensitive neurogenic niche in the brain. In adult mice, tanycytes give rise to hypothalamic regulatory neurons in response to a high-fat diet.
Hypothalamic circuitries responsible for coordinated energy balance have been the focus of extensive research, driven, at least in part, by a perceived obesity epidemic. Neurogenesis in the hypothalamus has been described previously and its function has been associated with energy balance in adult mice 1, 2 . In this issue of Nature Neuroscience, Lee et al. 3 present evidence that tanycytes in the median eminence form a neurogenic niche in the hypothalamus that is responsive to metabolic cues and that the newly born cells seem to participate in the regulation of energy metabolism.
Tanycytes are radial glia-like cells located in the walls of the third ventricle 4 . These cells are strategically positioned to respond to factors arising in the periphery owing to their exposure to the bloodstream through the fenestrated capillaries in the median eminence and their exposure to the cerebrospinal fluid in the ventricle 5 . Lee et al.'s 3 results, when interpreted together, suggest that tanycytes in the median eminence give rise to neurons that regulate energy balance during postnatal life. These newly born neurons are potentially involved in the metabolic response to high-fat diets and could serve as part of the process that leads to obesity.
Using peripheral injections of BrdU, Lee et al. 3 identified the median eminence as a highly neurogenic area relative to other npg
